Abstract. We used data from 87 km of line transects in northern Michigan and northern Wisconsin in June 1985 to determine the optimum length of replicate transects required to assess bird populations. Data are from a study comparing bird populations in areas affected by electromagnetic fields (treatments) to those in areas unaffected (controls). Transects were subdivided into six different lengths varying from 100 m to 1,000 m. With equal effort, we were able to detect smaller differences in bird counts between control and treatment areas with short transects and large sample sizes than with long transects and small sample sizes. Transects shorter that 350 m required the smallest amount of effort to detect a 15% difference between means for number of individuals and species. The most efficient transect length for detecting a 25% difference between means was not consistent for individual species but was positively correlated with relative density. The shortest transect (100 m) was best for detecting differences for the Ovenbird (Seiurus aurocaoillus). Red-eved Vireo (Vireo olivaceus), aid Nashville Warbler (Vermivdra rujicapilla) the most abu&lant species; a 250-m transect was best for the Black-throated Green Warbler (Dendroica virens); and a 500-m transect for the least abundant species, the White-throated Sparrow (Zonotrichia albicollis).
ing the appropriate number of study sites or size of experimental units required for bird population studies using line-transect data.
An efficient and effective experiment gathers data that measure the variables of interest with an acceptable level of precision. Logistics of sampling, costs of obtaining samples, objectives of the study, and the size, shape, and behavior of the organism under investigation are factors that should be considered when selecting the size of the area and the number of study areas (Green 1979) . Generally, the larger the sample size (number of replicates) the better the estimate of the true value of the parameter and, hence the smaller the difference that can be detected between means. However, small study areas and large sample sizes do not necessarily provide the best study design because depending on the parameter, the variance of data collected in small areas may be greater than the variance in large areas (Snedecor and Cochran 1967) . In addition, as the size of the study area decreases, biological relevance as well as statistical characteristics of the data must be considered. Our objective was to determine the effects of the transect length and the number of replicates on the magnitude of differences that could be detected between breeding bird populations. We did this by examining differences in the numbers of species, individuals, and the numbers of individuals of five common species (Red-eyed Vireo Vireo olivaceus, Nashville Warbler Vermivora rujicapilla, Blackthroated Green Warbler Dendroica virens, Ovenbird Seiurus aurocapillus, and White-throated Sparrow Zonotrichia albicollis) at six transect lengths.
to the antenna right-of-way (ROW) to avoid possible edge effects; the ROW was not studied. Control transects were located more than 10 km from the antenna where electromagnetic fields (72 or 76 Hz) associated with the antenna were less than one-tenth of those in treatment areas (Brosh et al. 1985) .
METHODS

STUDY AREAS
We counted birds in early to mid-June 1985 from Eird counts used for the analyses were conducted 0.5 hr before to 4.5 hr after sunrise on days with in northern Michigan and northern Wisconsin little wind (< 15 km/hr) and no precipitation. as part of an investigation of the effects of elec-One control and one treatment area (one 4,350-m tromagnetic fields produced by an extremely low transect) were counted simultaneously by each frequency (ELF) antenna system on birds. Four of two observers daily to control for possible broad study areas were selected: (1) control areas temporal variation in bird activity. Both observin Wisconsin (from 10 to 30 km from the aners were experienced in the identification of birds tenna), (2) treatment areas in Wisconsin (adjaby sight and sound and simultaneous counts by cent to the antenna), (3) control areas in Michthe observers were conducted prior to the study igan (from 15 to 40 km from the antenna), and to standardize methods. Each observer walked (4) treatment areas in Michigan (adjacent to the the designated transect at a rate of 1 km/hr and antenna). , but there are several was randomly determined. Transect locations assumptions that must be met before these methwere not constrained to a particular habitat nor ods can be used. A critical assumption of these did we attempt to match control and treatment methods is that distances are measured accuareas by habitat (see Niemi and Hanowski 1984) . rately-a difficult achievement with singing birds. We assumed that habitats were sampled in pro-Without accurate distance estimates these methportion to their occurrence in the study regions ods do not provide valid density estimates. In-(e.g., see JPrvinen and Viislnen 1975). However, stead, they provide a density index which may because the placement oftreatment transects was be no better than the original counts (Wilson and constrained by the location of the ELF antenna, Bart 1985). In addition, density calculations are sampling of treatment areas was not strictly ran-not needed in most investigations, especially dom. In both states, treatment transects had more when comparisons of "relative density" are less coniferous habitat, particularly lowland conifer, costly and allow the investigator to meet the obwhereas control transects had more deciduous jectives of the experiment (see Vemer 1985). habitat. These differences likely have influenced Here, we only assume that the number of birds bird abundances in the control and treatment observed is related to the bird density in an area areas but not the results of this study. 
RESULTS
In general, the calculated percentage difference detectable between control and treatment means tended to decrease (i.e, precision increased) as transect length decreased for all variables when calculations were based on equal effort (Table 1, Fig. 1 ). This decrease was primarily due to the larger sample sizes associated with shorter transects. Much smaller (at least a factor of three) differences could be detected for community parameters than for individual species (Fig. 1) . Percentage differences detectable varied among individual species, but was generally positively correlated with density of the species in the study areas (Table 1, Fig. 1 ). For example, a 35% difference could be detected with 100-m transects for the most common species (Ovenbird) and a 60% difference (with 350-m transects) was the lowest percentage detectable for the least common (White-throated Sparrow) of the five species. Based on calculated differences detectable, we expected more significant differences at shorter transect lengths and this was observed (Table 1) . For example, differences were detected between numbers of Nashville Warblers observed in Wisconsin for transects of 100 m and 250 m, but not for longer transects. This sample size effect (vs. sample area) was confirmed when we analyzed data with equal sample sizes (n = 20) (Table 2). Percentage difference detectable between control and treatment means decreased substantially from 100 m to 500 m transect lengths, but did not decrease much for transects > 500 m (Fig.  2) . Slightly more tests were significant at the longer (2 500 m) transects (15 tests) than the shorter transects (11 tests) ( Table 2) .
Another factor that was considered in the analysis of transect length and sample size was the relative cost to collect samples to detect the specified difference between means. We calculated the number of samples required to detect a 15% difference in number of individuals or species or a 25% difference in numbers of individuals for a common bird species and the effort required (count days/treatment group). For these calculations, we assumed that the segments were arrayed in a single line (as in this study) and not randomly distributed. Although fewer samples were needed to detect the specified difference for longer transects, less effort was needed to achieve the same results for shorter transects (Fig. 3) . For example, approximately 4 days of censusing would be required to detect a 15% difference between means for number of individuals and species if 100-m segments were used. In contrast, more than 8 days would be needed to detect the same difference if 1,000-m transects were used (Fig. 3) . The transect length that required the smallest amount of effort to detect a 25% difference for individual species was not consistent for every species (Fig. 3) . The Ovenbird, Nashville
Warbler, and Red-eyed Vireo illustrated the expected trend: a general linear relationship between transect length and effort (Fig. 3) . However, a 350-m transect required the least amount of effort to detect a 25% difference in the Blackthroated Green Warbler and 500-m transects were best for the White-throated Sparrow (Fig. 3) .
DISCUSSION
Relatively little effort is required to detect a 15% difference in community parameters for any transect length in comparison to the effort required to detect a 25% difference for individual species. We anticipated that one transect length would appear to be most efficient for detecting differences for all parameters and expected a general linear relationship between precision, effort, and transect length. However, this was found only for the Ovenbird, Red-eyed Vireo, and Nashville Warbler; the other two species had distributions (e.g., less uniform) throughout the study areas that dictated the best transect length for those species. The percentage difference detect- able for individual species was also positively related to the frequency of occurrence in the study areas. For example, the Ovenbird was the most common species and the least amount of effort was required to detect differences between means for this species. In contrast, the White-throated Sparrow was least abundant of the five species tested and required the most effort to detect the specified difference. Although less common species (e.g., the majority of the species in the study areas) were not tested, we would expect that substantially more effort would be required to detect the specified difference between means. For example, Vemer (1989) estimated that 15,000 count days would be required to detect a 10% change in Pileated Woodpecker (Dryocopus pileutus) populations (an uncommon species in most areas).
It is evident that much effort is required to detect a 25% difference between means for the most abundant species and more effort is required for less common species. The consequence, however, of collecting large sample sizes is that more bias (and more variance) is contributed to the parameter of interest. Many factors contribute to variation in bird counts including observer differences (Svensson 1977 Niemi and Hanowski 1984) . The relative amount of variation contributed by each of these factors will not be the same for every study. However, we recommend that the amount of bias contributed by each factor be equally divided among treatment groups (for impact studies) or controlled annually. Although this will not reduce the bias in any design, it will ensure that bias is equal among groups or between years. Monitoring studies should also be designed to ensure that data collected meet assumptions of statistical tests. The most critical in the original design is that samples are independent. This can be a problem because study areas should be close to each other to make efficient use of counting time available each day; travel time or noncount time should be minimized. We separated all study sites by 50 m and insured "biological independence" because no bird was counted in more than one study area. This separation agrees with that recommended for point counts; Vemer (1988) recommended that points from point counts with radii of 100 m should be 300 m apart to avoid recording the same bird on adjacent points. Although separating sample areas with an appropriate distance ensures that an individual is not counted more than one time, study sites arranged in this fashion are not truly statistically independent (e.g., all randomly selected). However, because of the large number of sites required in breeding bird counts, it is probably not feasible logistically or monetarily to randomly select all sites. Our data indicate that segments separated by 50 m were statistically independent (e.g., no autocorrelation was detected between adjacent segments). Therefore, although each site was not randomly located, data from this design met assumptions of statistical tests (e.g., independent error terms). Based on parameters analyzed here, it is more costly to use transects longer than 500 m. In addition, using transects that are shorter than they are wide is probably not advisable due to the large proportion of edge related to the total area sampled. In no case did the shortest transect (100 m) provide a significantly better design for detecting differences between means for any one parameter. Our data suggest that an efficient transect length (e.g., 250 m) corresponds to the area counted with point counts (e.g., 100 m radius around center). Some investigators prefer to use point counts because time spent counting birds can be closely controlled (Vemer and Ritter 1986). Point counts may be preferred in areas that are difficult to traverse (e.g., wetlands) because bias may be added to bird counts with line transects if observers traverse various habitats. 
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